Four trials were conducted using crossbred pigs ( n = 308) to determine the effects of Zn acetate injection near weaning on serum Zn concentrations and performance. 
Introduction
The poor performance exhibited by pigs immediately after weaning, which is characterized by low feed intake and suboptimal daily gains (Ogunbameru et al., 19921 , has been speculated t o be the result of the stress of weaning (Funderburke and Seerley, 1990) . Removal of pigs from the sow and regrouping them are thought to be major contributors to the stress of weaning. Stress has also been shown to cause a decline in serum Zn concentrations (Chesters and Will, 1981) . Furthermore, due to the role of Zn in growth, animals with suboptimal body Zn have been shown to grow more slowly (Chesters and Quarter-man, 1970; King, 1990) . Consequently, the possibility exists that there may be a direct relationship between Zn status, stress, and performance.
Because serum zinc is known t o decline at weaning (Ullrey et al., 19681 , because zinc plays a key role in regulating feed intake and growth (Grummt et al., 1986) , and because research has shown a beneficial response to dietary supplementation of high concentrations of Zn (Kavanagh, 19921 , this research was directed at determining the influence of supplemental zinc on postweaning performance. Trials were conducted with Zn treatments designed to maintain serum zinc concentrations at weaning to investigate a possible beneficial response in performance. Additionally, an attempt was made to further characterize the relationship between zinc supplementation and the stress that may result from regrouping at weaning.
Materials and Methods
Crossbred pigs ( n = 308) were used in four trials to examine the effects of Zn injections around weaning on performance. In Trial 1, 78 pigs (BW of 5.1 kg) were blocked by weight, sex, and litter, and randomly assigned to one of two treatments. The treatments were Zn injection (i.m.1 with 3 mg of Zn/kg BW as Zn acetate (28.1 mg of Zn acetate/ml of saline) or an equivalent volume of saline. The injections were given in the semitendinosus muscle a t an average of 18 d of age. Pigs were weaned 3 d after the injections and were housed four pigs per pen in plastic-coated, welded-wire pens ( 1.2 m x 1.2 m ) in environmentally regulated nurseries. The initial nursery temperature was 31°C and was reduced 2C" per week. Pigs were weighed before injection, at weaning, and at d 2, 7, 14, and 21 postweaning. Blood was collected via jugular venipuncture prior to injection, at weaning, and on d 7, 14, and 21. Feed was removed 30 min before blood was collected to minimize the effect of any recent feed consumption on serum Zn concentrations. Blood was analyzed for serum Zn and alkaline phosphatase activity. Pen feed consumption was determined on each of the weigh days. Pigs in all trials were fed the same diet. The diet was an 18% CP corn-soybean meal diet with 15% dried whey that was calculated to contain 1.15% lysine, 23% Ca, .65% P, and 105 ppm of Zn. Pigs were allowed ad libitum access to feed and water.
In Trial 2, 96 crossbred pigs were weaned at an average age of 26 d and an average weight of 7.2 kg, blocked by weight, sex, and litter, and then randomly assigned to a 2 x 3 factorial arrangement of treatments. At weaning or 12 h after weaning, pigs were injected i.p. with 0, 3, or 4 mg of Zn/kg of BW as Zn acetate. The concentration of Zn was the same as that used in Trial 1. Control pigs were injected with saline (volume equal t o that given pigs receiving the 3-mg injection). Pigs were housed two/pen (.6 m x 1.2 m ) and allowed ad libitum access to feed and water. Environmental conditions were as in Trial 1. Pigs were weighed and blood samples were taken via jugular venipuncture at weaning and on d 1, 4, and 7 postweaning. Feed was removed 30 min before blood was collected. Scouring was evaluated daily on a pen basis using a scale of 1 to 5, 2 being normal feces and 5 a liquid defecation (Sweet et al., 1990) .
In Trial 3, 30 crossbred pigs with an average weight of 6.9 kg and an average age of 24 d were assig-hed at weaning (three pigs/pen) by litter, sex, and weight to one of two treatments: either a 3 mglkg BW i.p. injection of Zn as zinc acetate (same concentration as in Trial 1 ) or a saline placebo. Each treatment was given 4 d postweaning. Environmental conditions, diet, and feeding were as in the previous trials. Blood samples were taken using a jugular venipuncture at weaning and on d 4, 7, 14, 21, and 28 postweaning.
In Trial 4, 104 crossbred pigs with an average weight of 6.4 kg and an average age of 20 d were assigned by sire, sex, and litter to a 2 x 2 x 2 factorial arrangement of treatments. Treatments were as follows: 1 ) regrouping or no regrouping at 20 d of age, 2 ) Zn ( 3 mgkg BW) or saline i.p. injection, and 3 ) time of injection at either d 21 or 24 of age. The number of pigs on each sow was not changed by regrouping. All pigs were weaned 3 d after treatments (average age of 23 d ) and placed by treatment in pens with either two pigs per pen ( . 6 m x 1.2 m ) or five pigs per pen (1.2 m x 1.2 m). When possible, pigs from the same sow were not penned together at weaning to maximize the potential for stress. Environmental conditions were the same as in Trial 1. Blood was collected by jugular venipuncture at 20 d of age, weaning, and 1, 2, and 3 wk postweaning. Feed was removed 30 min before bleeding. Pigs were also weighed and pen feed consumption was determined at each of the above times. Pigs were allowed ad libitum access to feed and water for the duration of the trial.
Blood Samples. All blood samples were refrigerated at 3°C for 24 h and then centrifuged for 10 min at 625 x g . Serum was collected and serum Zn concentrations were then determined using flame atomic absorption spectrophotometry on a Perkin Elmer 5100 (Norwalk, CT). Alkaline phosphatase activity was determined (Sigma Procedure 5100, Norwalk, CT) using an Autoanalyzer (Centrifichem 500, Union Carbide, New York) and a computer-controlled vertical photometer (Titertek Multiskan MCC/340, Flow Laboratories, McLean, VA).
Statistical Analysis. Each trial was analyzed using the GLM procedures of SAS ( 1988) with pen as the experimental unit for the performance and scouring data and pig as the experimental unit for the serum data. Models included treatment and replicate effects. Each trial was also analyzed using the multiple analysis of variance procedure of SAS to determine the partial correlations between performance and serum zinc concentrations. In Trial 3, d-4 weight was used as a covariate because the pigs assigned to each treatment gained differently before injection. In Trial 4, all interactions between regrouping, Zn treatment, and injection time were also analyzed using the all possible comparison procedure of SAS ( 1988 1.
In Trial 2, three pigs died. The first pig, which had received a saline injection, died on d 3 and was diagnosed with mulberry heart. The second pig, which had received 3 mg of zinc a t weaning, died on d 3 and was diagnosed with gastroenteritis and meningioencephalitis, possibly due to infection at the time of injection. The third pig, which had received 3 mg of zinc 12 h after weaning, died on d 4 and was diagnosed with polyserositis and septicemia. Each diagnosis was performed within 24 h after death at the necropsy lab at the Virginia-Maryland Regional College of Veterinary Medicine. All data for these pigs were discarded. One pig also died in Trial 4 following tracheal puncture during bleeding at weaning. The data for this pig was also discarded.
Results and Discussion
In Trial 1, serum Zn concentrations were not influenced at weaning by a preweaning i.m. injection of Zn, but they were higher ( P < .05) in the zinctreated pigs 1 wk after weaning and tended to be C,dTreatment main effect ( P < .05 and .lo, respectively).
eDue to preweaning differences, preweaning ALP was used as a covariate.
higher ( P < .lo) after wk 2 than in the saline-treated pigs (Table 1) . Serum alkaline phosphatase activity was higher ( P < .02) in zinc-treated pigs than in control pigs at weaning, but they were not higher thereafter. There were no differences between treatments for ADG, ADFI, and gain:feed ratio. Mean values (SEM) across treatments and days were: .23 kg/d (. 0 1 ) for ADG, .42 kg/d ( .O 1) for ADFI, and .55 kg/kg (.01) for gain:feed. Furthermore, there were no significant correlations between serum Zn concentration and performance ( r = .22). The lack of a positive growth response to Zn injection may be attributed to the decline in the serum zinc concentrations after weaning. All pigs in this trial experienced a drop in serum Zn concentrations similar to that seen by Ullrey et al. (1968) and Swinkels (1992) . It was the goal of this trial to prevent the decline in serum Zn concen-ON PERFORMANCE OF PIGS 3039 trations and to determine the resulting effect on performance. Consequently, because the serum Zn concentrations declined similarly in both groups, an observable response in performance may not have been expected. The timing, source, and concentration of the Zn injected may have contributed to the failure of the injection to maintain serum Zn concentrations. In Trial 2, pigs that received the Zn injection at weaning or 12 h postweaning had higher ( P < .01) serum Zn concentrations than pigs given the saline placebo at d 1 and 3 d postweaning, and the concentrations remained higher ( P < .O 1) through wk 1 (Table 2) . Average daily gain, ADFI, and gain:feed ratios were not affected by either level of Zn injection. Mean values (SEM) across treatments and days were .28 kg/d (.02) for ADG, .92 kg/d ( . 0 5 ) for ADFI, and .30 (.03) for gain:feed. Additionally, there were no significant correlations between serum Zn concentrations and performance ( r = .12).
The serum Zn concentrations of the control pigs in this trial did not decline from preweaning concentrations until after d 3 postweaning. In a previous trial in our laboratory (unpublished data), it was shown that the i.p. injection of Zn at 3 or 4 mgkg BW would only elevate serum Zn concentrations for approximately 3 d (Figure 1) . Therefore, the injection of Zn in this trial did not correspond to the time period in which the serum Zn concentration was declining. Consequently, the injection of Zn to maintain serum Zn concentrations may have been administered too early to be effective.
Scouring was not different between treatment pens, but a low incidence of scouring was observed for all treatments, with an average scour index of 2 for each treatment. Therefore, a lack of scouring may have prevented the detection of a lowered incidence of scouring with the injection of zinc, as was hypothesized.
In Trial 3, pigs given the zinc injection had higher ( P < .05) serum Zn concentrations than control pigs 'Treatment main effect ( P < .01). Table 3 ) . Zinc-injected pigs did not show the drop in serum Zn concentrations that was observed for the saline-treated pigs on d 7. However, serum Zn concentrations did not drop as dramatically in this trial as in Trial 1, which may have been due to the size or age differences of the pigs between trials. The pigs in this trial were older and larger (24 d and 6.9 kg) than pigs in Trial 1 (18 d and 5.1 kg). Additionally, Ullrey et al. (1968) and Swinkels (1992) reported a decline in serum Zn concentration Table 3 . Serum Zn concentrations and performance of weanling pigs injected with zinc acetate on day 3 postweaning [Trial 3 ) Treatmenta in pigs 21 d old. Consequently, the pigs in this trial may have been too old to display the magnitude of decline that was reported by Ullrey et al. (1968) and Swinkles (1992) . Since the decline of serum Zn was not of the magnitude seen previously, a positive response to the supplementation of Zn may not have been expected. Additionally, pigs injected with zinc had decreased ( P < .05) ADG and ADFI on d 7 compared with pigs given the saline placebo (Table 3) . Although not significant, this trend continued throughout the remainder of the trial. Correspondingly, gain:feed was lower ( P < .01) a t d 7 for pigs injected with zinc than €or control pigs.
In Trial 4, serum Zn concentrations were higher ( P < ,011 at weaning for pigs that were not regrouped ( Table 4) . These results agree with those of Chesters and Will ( 198 11, who reported a decline in plasma Zn concentrations in stressed pigs. Pigs that were regrouped also had lower ( P < .05) preweaning ADG ( Table 4) . Although zinc treatment had no effect on b,cTreatment effect ( P < .01 and .lo, respectively). dZinc x group effect ( P < ,051. eThree days preweaning = d -3 performance, the partial correlation analysis showed that serum Zn concentrations at weaning and wk 1 were positively correlated ( P < .05) with ADG and ADFI through week 3 ( r = .62). To the contrary, no significant correlations were observed in the three previous trials. However, in agreement with the findings of Trials 1, 2, and 3, no performance benefit was seen with the supplementation of zinc. It is apparent that regrouping 3 d before weaning did not afford pigs an advantage over non-regrouped pigs, because postweaning performance was not improved. Additionally, time of injection had no effect. There were also no interaction effects for performance among regrouping, zinc treatment, or time of injection.
Several possibilities exist for the lack of response to the treatments in this trial. First, there may be no benefit from these treatments. Second, the type and timing of the administration of Zn may not be the optimum dosing technique. Evidence of oral administration of supplemental Zn having a positive response on performance supports the second possibility (Kavanagh, 1992) . Some swelling that was evident at the site of i.p. injection may have been indicative of peritoneal trauma, which may have influenced the results. However, further investigations are needed to determine whether this is the case.
The changes in serum Zn concentrations of the control pigs of each of the trials are illustrated in Figure 2 . It seems that the earlier the pigs are weaned the larger the magnitude of the decline in serum Zn concentration 1 wk after weaning (Trials 1 and 4 vs Trials 2 and 3 ) . Serum Zn concentrations seem to increase at approximately 28 d of age. Interestingly, the performance of the pigs in the trials followed the pattern of the serum Zn concentration; as serum Zn was declining, BW remained relatively unchanged, and after d 28 the pigs showed increases in body weights (Figure 2 ) . This is the relationship that was the premise of this research. Unfortunately, the treatments imposed in these trials did not significantly alter the serum Zn concentration with a concurrent increase in performance, as hypothesized.
Implications
The results of these trials illustrate that the injection of zinc acetate to provide pigs with additional Zn around weaning did not have a positive effect on performance. It remains to be determined whether the injection of zinc in another form or under different conditions can be beneficial to weanling pigs. Furthermore, because the decline in serum Zn concentrations of pigs at weaning was not prevented in these trials, the relationship of this decline t o postweaning performance remains unclear.
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